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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Application Serial No. 62/841,978, filed May 2,
2019, entitled "Systems and Methods for treating Ob-
structive Sleep Apnea." The entirety of this provisional
application is hereby incorporated by reference for all
purposes.

TECHNICAL FIELD

[0002] The presentdisclosure relates generally to sys-
tems and methods for treating sleep disordered breathing
(SDB) and, more particularly, to systems and methods
for providing neural stimulation delivered in a physiolog-
ical manner and adjusted based on biomarkers that are
input into a closed loop algorithm to treat SDB, including
obstructive sleep apnea (OSA).

BACKGROUND

[0003] Upperairway sleep disorders (UASDs)are con-
ditions that occur in the upper airway that diminish sleep
time and sleep quality, resulting in patients exhibiting
symptoms that include daytime sleepiness, tiredness
and lack of concentration. Obstructive sleep apnea
(OSA), a type of UASD, is characterized by cessation of
airflow because of upper airway obstruction despite si-
multaneous respiratory effort. The respiratory effort con-
tinues despite obstruction until the individual is aroused
from sleep. During sleeping the genioglossus muscle and
other muscles that hold the airway patent relax, causing
the mandible and the tongue to move posteriorly, which
decreases upper airway volume. The obstruction causes
a decrease in oxygen blood level, leading to increased
respiratory drive and this cycle continues until the patient
is aroused.

[0004] OSA is highly prevalent, affecting one in five
adults in the United States. One infifteen adults has mod-
erateto severe OSArequiring treatment. OSA is the most
common type of sleep apnea. Untreated OSA results in
reduced quality of life measures and increased risk of
disease including hypertension, stroke, heart disease,
etc. Continuous positive airway pressure (CPAP) is a
standard treatment for OSA. While CPAP is non-invasive
and highly effective, it is not well tolerated by patients
and has several side effects. Patient compliance and/or
tolerance for CPAP is often reported to be between 40%
and 60%. Surgical treatment options for OSA, such as
anterior tongue muscle repositioning, orthognathic bi-
maxillary advancement, uvula-palatal-pharyngoplasty,
and tracheostomy are available too. However, they tend
to be highly invasive (result in structural changes), irre-
versible, and have poor and/or inconsistent efficacy.
Even the more effective surgical procedures are unde-
sirable because they usually require multiple invasive
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and irreversible operations, they may alter a patient’s ap-
pearance (e.g., maxillo-mandibular advancement),
and/or they may be socially stigmatic (e.g., tracheosto-
my) and have extensive morbidity.

SUMMARY

[0005] The presentdisclosure relates generally to sys-
tems and methods for treating sleep disordered breathing
(SDB) and, more particularly, to systems and methods
for providing neural or muscular stimulation delivered in
a physiological manner and adjusted based on biomar-
kers that are inputinto a closed loop algorithm to improve
SDB, including OSA.

[0006] One aspect of the present disclosure relates to
a system that provides stimulation according to a closed
loop algorithm to improve SDB. The system includes one
or more sensors, a computing device, and one or more
electrodes. In some instances, the sensors, computing
device, and/or the electrodes can be part of a neural stim-
ulation device. The sensor(s) can be implantable adja-
cent to an anterior lingual muscle and configured to
record physiological data. The computing device can in-
clude a non-transitory memory storing instructions; and
a processor to access the non-transitory memory and
analyze, decode and execute the instructions to at least:
monitor the physiological data recorded by the sensor;
identify a trigger within the physiological data, wherein
the trigger is identified as a biomarker for a condition
related to sleep; and apply a rule-based classification to
the trigger to determine whether one or more parameters
of a stimulation signal should be altered based on the
biomarker. The electrode(s) can be implantable adjacent
to a neural or muscular target site, such the hypoglossal
nerve, and configured to deliver stimulation to the target
site during a period and to alter the one or more param-
eters of the stimulation in response to a signal from the
computing device.

[0007] Anotheraspectof the presentdisclosure relates
to a method for providing stimulation according to a
closed loop algorithm to treat SDB, including OSA. The
method can include steps that can be executed by a sys-
tem comprising a processor. The steps can include: mon-
itoring physiological data recorded by a sensor implanted
adjacent to an anterior lingual muscle; identifying a trig-
ger within the physiological data, wherein the trigger is
identified as a biomarker for a condition related to sleep;
and applying, by the system, a rule-based classification
to the trigger to determine whether one or more param-
eters of a stimulation should be altered based on the
biomarker.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a diagram illustrating an example configu-
ration of a stimulation system according to an aspect
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of the present disclosure;

FIG. 2 is an illustration of an implantable stimulator
portion of the system of FIG. 1;

FIG. 3 is a block diagram of an example system that
can provide neural stimulation according to a closed
loop algorithm to treat SDB, which can be part of the
system of FIG. 1;

FIG. 4 is a block diagram of an example of the com-
puting device shown in FIG. 3;

FIG. 5 is a diagram showing an exemplary implant-
able stimulator portion; and;

FIG. 6is aprocess flow diagram of an example meth-
od for providing neural stimulation according to a
closed loop algorithm to treat SDB, including OSA.

DETAILED DESCRIPTION

[0009] The present disclosure relates to systems and
methods toimprove SDB. SDB can refer to several chron-
ic conditions in which partial or complete cessation of
breathing occurs at one or more times throughout the
night, resulting in daytime sleepiness or fatigue that in-
terferes with a patient’s ability to function and reduces
quality of life. OSA can refer to a type of SDB that is a
breathing disorder that occurs primarily during sleep with
consequences that may persist throughout the waking
hours in the form of sleepiness. In some instances, de-
spite an ongoing effort to breath, a patient experiencing
OSA can experience a decrease or complete halt in air-
flow due to muscles relaxing during sleep, causing soft
tissue in the back of the throat to collapse and block the
airway. OSA can be characterized by periodic collapse
of the upper airway during sleep with apneas, hypop-
neas, or a continuous or sustained reduction in ventilation
and excessive daytime sleepiness, neurocognitive de-
fects and depression.

[0010] The term "modulate" can refer to causing a
change in neural activity and/or muscle activity, chemis-
try, and/or metabolism, such as an increase, decrease,
or a change in a pattern of neuronal and/or muscle ac-
tivity. For example, modulation may refer to either exci-
tatory and/or inhibitory stimulation. "Stimulation" can re-
fer to the activation and/or inhibition of neural activity
and/or muscle activity and may also be referred to as
"neuromuscular stimulation" or "neural stimulation”. As
such, stimulation can be excitatory or inhibitory. A "pa-
tient" includes a mammal, such as a human being. By
"improving," or "treating" the patient’s medical disorder
is better after therapy than before therapy.

[0011] As used herein with respect to a described el-
ement, the terms "a," "an," and "the" include at least one
or more of the described elements including combina-
tions thereof unless otherwise indicated. Further, the
terms "or" and "and" refer to "and/or" and combinations
thereof unless otherwise indicated. By "substantially" is
meant that the shape or configuration of the described
element need not have the mathematically exact de-
scribed shape or configuration of the described element
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butcan have a shape or configuration thatis recognizable
by one skilled in the art as generally or approximately
having the described shape or configuration of the de-
scribed element. The term "artificial intelligence" can re-
fer to a computer’s ability to correctly interpret/act on ex-
ternal data. The term "learning" can refer to the ability of
artificial intelligence to improve from experience. The
term "machine learning" can be used interchangeably
with "learning." The term "rule-based classification" can
refer to any suitable classification scheme, such as a
classification scheme that makes use of IF-THEN rules
for class prediction. The term "titration" can refer to a
technique where parameters can be continually meas-
ured and updated. For example, titration can be a part
of learning.

1 .Overview

[0012] The present disclosure relates to improving
SDB, such as OSA, through neural and/or muscular stim-
ulation. Systems and methods described herein can pro-
vide the stimulation according to a closed loop stimulation
algorithm. The closed loop stimulation algorithm can
monitor physiological data (e.g., EMG data from the an-
terior lingual musculature, such as the genioglossus
muscle), which can include characteristic signals that
correlate to respiration, but also can correlate to sleep
position, sleep state, and/or other physiological charac-
teristics important for the treatment of OSA recorded by
a sensor implanted in close proximity to an anterior lin-
gual muscle such as the genioglossus muscle; identify a
trigger within the physiological data that is identified as
a biomarker for a condition related to sleep (e.g., inspi-
ration); and applying a rule-based classification to the
trigger to determine whether one or more parameters of
the stimulation should be altered based on the biomarker.
In some instances, the rule-based classification can in-
clude elements of artificial intelligence, like undergoing
a type of learning so that the stimulation becomes better
tailored to the specific patient.

[0013] As anexample use, monitoring physiological or
intrinsic EMG of the patient during sleep can be used to
apply therapy in a closed-loop manner. EMG data from
the anterior lingual muscles, specifically the genioglos-
sus muscle, can be used to synchronize stimulation and
with the patient’s breathing pattern to open the patient’s
airway during certain phases of breathing that are asso-
ciated with contraction of the genioglossus muscle, for
example, By identifying inspiration/ expiration via EMG
signals of the genioglossus muscle, which innervates the
tongue, the device can eliminate the requirement for a
chest lead for sensing EMG activity, for example, of the
diaphragm, or other methods associated with other OSA
neurostimulation systems. A therapy signal, such as an
electrical signal, can be delivered to the genioglossus
muscle to treat an incidence of SDB of a patient in a
closed-loop manner when the EMG data satisfies a trig-
ger condition.
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2. System

[0014] Inanaspect, the presentdisclosure can include
a system that can be used to improve SDB through neu-
romodulation. Referring to FIG. 1, system 10 can include
implantable stimulator 20 and external controller 100.
Controller 100 can power stimulator 20 (shown in more
detail in FIG. 2) through electromagnetic induction. Stim-
ulator 20 caninclude power receiver 30 with antenna 32.
Electrical current can be induced in antenna 32 when it
is positioned above power mat 112 of controller 100, in
an electric field produced by power transmitantenna 112.
Antennas 112 and 32 can also facilitate communication
between controller 100 and stimulator 20, respectively.
This power/communication link between stimulator 20
and controller 100 is shown generally by the arrow 70 in
Fig. 1.

[0015] System 10 canalsoinclude a user interface 200
in the form of a computer platform 202 running a custom
application that enables communication with controller
100 wirelessly, as indicated generally by arrow 204. This
can be done, for example, using Bluetooth or WiFi radio
communication. In the example configuration of Fig. 1,
computer platform 202 is a smartphone. The type of com-
puter platform 202 could, however, vary. For example,
the computer platform 202 can be a physician and/or
patient platform. Each platform 202 can have an appli-
cation or "app" installed thereon that is user specific, i.e.,
a patient app or a physician app. The patient app can
allow the patient to execute certain commands necessary
for controlling operation of stimulator 20, such as, for ex-
ample, start/stop therapy, increase/decrease stimulation
power, and select a stimulation program. In addition to
the controls afforded the patient, the physician app can
also allow the physician to modify stimulation settings,
such as, but not limited to, pulse settings (patterns, du-
ration, waveforms, etc.), stimulation frequency, ampli-
tude settings, and electrode configurations, closed-loop
and open loop control settings and tuning parameters.
[0016] As indicated generally by arrow 206, computer
platform 202 can be connected (e.g., WiFi and/or LTE)
to internet/cloud 208, which facilitates communication
214 with remote or cloud-based server 216. This allows
for the transfer of data between server 216 and computer
platform 202 via internet 208. Additionally, controller 100
itself can also be internet connected (e.g., WiFi), as
shown at 210. This can also allow for the transfer of data
between controller 100 and server 216 via internet 208.
[0017] As shown in FIG. 1 and described above, sys-
tem 10 can be configured to provide various communi-
cation paths between the system components. For ex-
ample, computer platform 202 being connected to con-
troller 100 (see 204) and to internet 208 (see 206) can
facilitate a communication path from remote server 216
(see 214) to stimulator 20 itself (see 70). A communica-
tion path between server 216 and stimulator 20 can also
be established via WiFi link 210 of controller 100.
[0018] Additionally, recognizing that the physician
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may be remote from the patient, a physician communi-
cation path can be established via the internet connection
206 of the remotely located physician platform 202.
Through this connection, remote physician platform 202
can communicate with server 216 through internet con-
nection 206. Remote physician platform 202 can also
communicate with controller 100, either via internet con-
nection 210 (when enabled) or through patient controller
202.

[0019] The therapeutic approach implemented with
system 10 caninvolve implanting only stimulator 20, leav-
ing controller 100 as an external component to be used
only during the application of therapy. To facilitate this,
stimulator 20 can be configured to be powered by con-
troller 100 through electromagnetic induction. In opera-
tion, power mat 110, operated by control unit 120, can
be positioned external to the patientin the vicinity of stim-
ulator 20 to position transmitting antenna 112 of the con-
troller, located in the mat, close to receiving antenna 32
of the stimulator. Power mat 110 can be positioned on
or sufficiently near the sleeping surface while the patient
sleeps to maintain the position of the receiving antenna
32 within the target volume of the electromagnetic field
generated by the transmit antenna 112.

[0020] Additionally, stimulator 20 can implement elec-
tromyography (EMG) electrodes for sensing neuromus-
cular responses to physiological activity of the patient
during sleep as stated above. Such sensing electrodes
can continuously monitor physiological intrinsic EMG sig-
nals from the anterior lingual musculature. For instance,
EMG sensing electrodes can be configured to detect neu-
romuscular responses from the genioglossus muscle,
which is innervated by the HGN.

[0021] In operation, sensed EMG responses from the
genioglossus muscle can allow closed-loop operation of
the stimulator 20 while eliminating the need for a chest
lead. To facilitate real-time, closed-loop control, a control
algorithm can be implemented locally on stimulator 20.
This can be achieved, for example, by programming a
control algorithm on an application-specific integrated
circuit (ASIC) component of stimulator 20 although the
control algorithm can be programmed on an external con-
trol device/component of the system. Operating in real-
time, stimulator 20 can record data related to the stimu-
lation session including, for example, stimulation set-
tings, EMG responses, respiration, pulse, sleep state in-
cluding different stages of REM and non-REM sleep, etc.
After the sleep session, this recorded data can be up-
loaded to user interface 200 and to server 216. Also, the
patient can be queried to use the interface 200 to log
dataregarding their perceived quality of sleep, which can
also be uploaded to the server 216. Offline, the server
216 can execute a software application to evaluate the
recorded data to determine whether settings and control
parameters can be adjusted to further optimize the stim-
ulation therapy. The software application can, for exam-
ple, include artificial intelligence (Al) models that, learn
from recorded therapy sessions, how certain adjust-
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ments affect the therapeutic outcome for the patient. In
this manner, through Al learning, the model can provide
patient-specific optimized therapy.

[0022] With reference to FIG. 3, system 300 can be
implemented within the system 10 and/or the stimulator
20 to provide stimulation to improve SDB according to
open-loop control or closed-loop control. The system can
include one or more sensors 302 (which can be implanted
and/or external), a computing device 304 (which can be
implanted and/or external, and may be part of another
device like the controller), and one or more electrodes
306 (which can be implanted and/or external). The one
ormore sensors can be configured to record/detect phys-
iological data (e.g. data originating from the patient’s
body) over time including changes therein. Exemplary
physiological data can include phasic contraction of an-
terior lingual musculature, such as phasic genioglossus
muscle contraction, underlying tonic activity of anterior
lingual musculature, such as tonic activity of the gen-
ioglossus muscle, and combinations thereof. Phasic con-
traction of the genioglossus muscle can be indicative of
inspiration, particularly the phasic activity that is layered
within the underlying tonic tone of the genioglossus mus-
cle. Changes in physiological data include changes in
phasic contraction of anterior lingual musculature, such
as phasic genioglossus muscle contraction, changes in
underlying tonic activity of anterior lingual musculature,
such as changes in tonic activity of the genioglossus mus-
cle, and combinations thereof. For example, EMG signal
changes can include changes in the frequency, ampli-
tude, spike rate, or other features within the EMG signal.
In particular, changes in phasic contraction of the gen-
ioglossus muscle can indicate a respiration or inspiration
change and can be used to as a trigger for stimulation.
Such physiological data and changes therein can be
identified in recorded EMG signals, such as during dif-
ferent phases of respiration including inspiration. As
such, one or more sensors 302 can include EMG sen-
sors. The one or more sensors 302 can also include, for
example, wireless or tethered sensors that measure,
body temperature, movement, breath sounds (e.g. audio
sensors), heart rate, pulse oximetry, eye motion, etc.
[0023] The computing device 304 can be configured
to provide open-loop control and/or closed-loop stimula-
tion to configure parameters for a stimulation. In other
words, with respect to closed-loop stimulation, the com-
puting device can be configured to track the patient’s
respiration (such as each breath of the patient) and stim-
ulation can be applied during inspiration, for example.
However, with respect to open-loop stimulation, stimula-
tion can be applying without tracking specific physiolog-
ical data, such as respiration or inspiration. However,
even under such an "open loop" scenario, the computing
device can still adjust stimulation and record data, to act
on such information. For example, one way the comput-
ing device can act upon such information is that the com-
puting device can configure parameters for stimulation
to apply stimulation in an open loop fashion but can mon-
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itor the patient’s respiration to know when to revert to
applying stimulation on a breath to breath, close-loop
fashion such that the system is always working in a close
looped algorithm to assess data. Accordingly, adjust-
ments to stimulation may be based on an input to the
computing device 304, which may be based on one or
more trends in physiological data recorded by the one or
more sensors 302 over time. Treatment parameters of
the system may be automatically adjusted in response
to the physiological data. The physiological data can be
stored over time and examined to change the treatment
parameters; for example, the treatment data can be ex-
amined in real time to make a real time change to the
treatment parameters.

[0024] The one or more electrodes 306 can deliver the
stimulation configured according to the parameters. In
some instances, the sensing component 302 and the
electrode 306 can be the same structure or element. Ad-
vantageously, use of a single structure or element as the
sensing component 302 and the electrode 306 reduces
the invasive nature of the surgical procedure associated
with implanting the system, while also reducing the
number of foreign bodies introduced into a subject. In
certain aspects, the sensing component and the elec-
trode are disposed on the same device, such as a neu-
romodulation lead.

[0025] An example of the computing device 304 pro-
grammed to implement the closed-loop scenario is
shown in FIG. 4. The computing device 304 can include
a memory 422 (e.g., a non-transitory memory), a proc-
essor 424 (e.g., an integrated circuit, such as an appli-
cation specific integrated circuit (ASIC)), oran ASIC com-
prising both a memory and a processor. For example,
the memory 422 can be a computer-usable or computer-
readable medium that can contain or store the machine-
readable instructions (which are, forexample, a program)
for use by or in connection with the instruction or execu-
tion of a system, apparatus or device (like the computing
device 304) by the processor 424. The computer-usable
or computer-readable medium can be, for example but
not limited to, random access memory (RAM) including
static or dynamic RAM, read-only memory (ROM), flash
memory, an Erasable Programmable Read Only Memory
(EPROM), floating point memory, or combination thereof
including combinations thereof on the same ASIC. The
processor 424, for example, can include one or more
processing cores, processing units, or the like. The mem-
ory 422 can store machine readable instructions, while
the processor 424 can access the memory 422 and ex-
ecute the machine readable instructions (e.g., which can
include one or more programs) and cause the computing
device 304 to perform operations of a monitoring com-
ponent 426, an identification component 427, and/or a
classification component 428. The processor 424 can
interpret the physiological information coming from the
sensors, including decoding data, analyzing data, recog-
nizing patterns, etc.

[0026] The monitoring component 426 can monitor the
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physiological data recorded by the sensor(s) 302. The
identification component 427 can identify a trigger within
the physiological data (e.g., related to respiration). For
example, the monitoring component can monitor EMG
waveform characteristics like spike rate, amplitude, and
frequency, as well as phasic activity and tonic activity
(again monitoring for changes in amplitude, frequency or
other parameters of the EMG). The identification com-
ponent can identify the trigger during such monitoring
(e.g. a characteristic change in the EMG waveform). In
one example, the trigger can be an associated change
in the EMG, such as short term contraction of the gen-
ioglossus muscle indicating phasic genioglossus muscle
activity or longer term changes in genioglossus muscle
activity indicating a change in underlying tonic tone of
the genioglossus muscle seen over one or more parts or
repetitions of the physiological data. The trigger can be
identified as a biomarker for a condition related to sleep,
such as a change in at least one parameter physiological
data. In some instances, the biomarker can be inspira-
tion. In other instances, the biomarker can be a body
position. In other instances, the biomarker can be a stage
in a sleep cycle (e.g., awake, non-REM sleep - stage 1
light sleep, stage 2 light sleep, stage 3 deep sleep, REM
sleep, etc.). In some instances, motion detection and/or
other biomarkers can be used to automatically turn the
therapy on only once the patient has fallen asleep and
to determine the parameters of stimulation to optimally
maintain airway patency throughout the night (including
adapting stimulation based on sleep stage and body po-
sition) without causing unnecessary discomfort or lead-
ing to arousal events to increase patient comfort and ad-
herence to therapy. Stimulation can be ramped up as the
patient moves from light to deep sleep or ramped during
each stimulation phase such that the first pulse in a pulse
train has less amplitude and/or pulse width than the last
pulse in the pulse train. In some instances, stimulation
will automatically shut off if the patient wakes up and re-
initiate as they fall back to sleep.

[0027] The awake stage of the sleep cycle refers to a
relaxation stage when the subject is first lying in bed or
lying in bed trying to fall asleep again. Non-REM sleep
has three stages and is a stage of sleep without rapid
eye movement. The REM stage includes REM sleep,
where eyes move rapidly from side to side behind closed
eyelids, breathing becomes faster and irregular, heart
rate and blood pressure increase to near waking levels,
and arm and leg muscles become temporarily paralyzed.
[0028] Non-REM stage 1refers to the changeover from
wakefulness to sleep (lasting several minutes). During
non-REM stage 1, a subject’s heartbeat, breathing, and
eye movements slow and muscles relax with occasional
twitches. Non-REM stage 2, the longest of all the stages,
is a period of light sleep before entering deeper sleep,
where heartbeat and breathing slow, muscles relax even
further, body temperature drops and eye movement
stops. Non-REM stage 3 refers to the period of deep
sleep needed to feel refreshed in the morning, where
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heartbeat and breathing slow to their lowest levels during
sleep, muscles are relaxed, and it may be difficult to
awaken.

[0029] The sleep state can be determined, for exam-
ple, based on information in the physiological data (e.g.,
tonic genioglossus muscle activity as indicated on an
EMG). Once the sleep state is recognized, the goal is to
apply therapy in such a way to minimize patient discom-
fort and to also minimize potential stimulation related
arousal events. This may include, reducing the amplitude
of stimulation during stage 1 and stage 2 sleep, and in-
crease amplitude during stage 3 and REM. This may also
include ramping therapy over a longer period of time,
meaning from zero to programmed output over a longer
time period, during stage 1 and 2 sleep vs. stage 3 and
REM sleep or ramping therapy within each pulse train,
when applied during inspiration for example.

[0030] Forexample, if certain EMG activity is detected,
like phasic changes in EMG activity that is indicative of
inspiration during any phase of sleep, the system may
deliver stimulation during the respiratory period of inspi-
ration. The system can apply stimulation to the hypoglos-
sal nerve, for example, using a particular set of elec-
trodes, waveform, pulse width, frequency, intra-pulse in-
terval and pulse ramp rate that provide therapeutic airway
patency during inspiration. The system can stop stimu-
lation during the exhalation period and can continue to
monitor the physiological EMG, from the genioglossus
muscle for example, throughout the inspiratory and ex-
halation periods of each breath. The system can adjust
the stimulation parameters and/or the electrodes select-
ed for stimulation as necessary to optimize the stimula-
tion to provide the optimal airway patency, based on ad-
ditional biomarkers including, sleep state, body position,
or the like. The closed loop algorithms embedded within
the stimulator or neuromodulation lead can continuously
monitor and adjust therapy based on the physiological
data and triggers and use rule based classification to
determine when, how and for what period of time, to apply
and adjust stimulation to provide optimal airway patency
during sleep.

[0031] For example, if certain EMG activity, like tonic
and phasic EMG activity drops or ceases during REM,
the system may deliver a stimulation periodically based
on predetermined physician programmed parameters,
the system may rely on previous known patient specific
parameters to apply stimulation, or the system may use
a default periodic stimulation that is applied throughout
REM sleep. The system can also monitor EMG through
the REM period to determine when to stop using the pe-
riodic stimulation and when to re-initiate applying stimu-
lation during each inspiratory event.

[0032] In some instances, the system may not turn on
stimulation immediately when the stimulator is within the
field from the transmit coil. In this case, the system can
turn on and monitor an EMG signal, e.g., detecting tonic
and phasic muscle activity, to understand the sleep
stage. Once the system has determined the patient is
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sleeping, entering stage 1 of sleep or stage 2 of sleep,
the system 10 can start to provide therapy in a physio-
logical manner, e.g., starting to apply small amount of
stimulation using a stimulus ramp during each stimulation
period, such that unnecessary arousal events or discom-
fort is not caused during initial phases of sleep. In this
configuration, the EMG may be monitored for several
minutes or several hours to determine the state before
the system initiates therapy. Many individuals with OSA
also suffer from insomnia, in which the individual has
trouble falling asleep, and in this case, a negative feed-
back loop can cause the patient additional anxiety, such
that they are fearful that the therapy will turn on prior to
when they fall asleep and as such are not relaxed enough
to fall asleep. This can cause the individual to turn off
therapy, or over time discontinue use of the therapy. A
"smart" system that is able to recognize when patients
are asleep and apply therapy such that it is physiological
will increase therapy adherence and efficacy. Once the
system recognizes non-REM stage 1, for example, the
system can start to recognize non-REM stage 2, non-
REM stage 3, REM sleep, or the like.

[0033] For example, the ASIC (an example of proces-
sor 424) can be configured to control a custom algorithm,
which can control the therapy application. For example,
the ASIC can be configured to run embedded digital logic
that uses information gathered by an EMG sensor to de-
cide when, for how long, and at what stimulation param-
eters to stimulate to provide the optimal therapy to the
subject to control the volume of air capable of flowing
through the upper airway, also known as airway patency.
The embedded digital logic can sense EMG activity,
which can be known to the algorithm to correspond with
respiration, more specifically to inspiration and exhala-
tion. The algorithm can decode the EMG activity to trigger
stimulation of the anterior musculature and/or the hy-
poglossal nerve (including distal branches thereof) bilat-
erally, forexample, to open the airway, such that the ther-
apy is linked to each respiration, each inspiration and
each exhalation, for example. Therapy can thus be pro-
vided during each breath, specifically during inspiration,
for example, all by using embedded correlative knowl-
edge of the EMG features that correspond to respiration.
The embedded logic can include knowledge of EMG fea-
tures that are specific to body position, chin position,
sleep state (e.g. REM, non-REM), movement, and other
physiological parameters that can elucidate and optimize
therapy. The algorithm can use adaptive learning tolearn
individual subject specific EMG features that correlate to
the above physiological states during sleep to provide
additional optimization that is subject specific. The adap-
tive learning can be done manually with physician input
or may be done completely within the algorithm based
on predetermined limits and knowledge or can be done
with the cloud database and the additional adaptive
learning that the cloud software can use to analyze the
data from each patient and each sleep session. The al-
gorithm, while still based on respiratory information
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sensed through the EMG sensor, can also have different
modes. In one mode, the algorithm can be running and
can provide therapy breath to breath, specifically during
inspiration; in another mode, the algorithm can be learn-
ing, looking for inputs from the EMG and also from the
user (e.g. patient, physician, etc.); in another mode, the
algorithm can provide more continuous control of the air-
way, providing periodic stimulation that can be sustained
for periods of time. In another mode, the algorithm can
be sensing EMG information, but not providing therapy
breath to breath, instead waiting until a forthcoming col-
lapse of the airway has been identified and reacting by
providing therapy that prevents the collapse from occur-
ring. The EMG information can include, the amplitude of
the EMG, the frequency components of the EMG, spike
sensing, envelop sensing, and other features that can be
taken directly from the EMG signal to control the algo-
rithm and provide biomarkers for respiration and for col-
lapse of the airway. It is understood, that the algorithm
may use any or all of these features throughout the sleep
period and can switch between modes based onthe EMG
activity as sensed by the EMG sensor or the system may
be hard programmed to only run one algorithm.

[0034] The system can apply therapy in a manner that
is not causing discomfort and/or arousal events in the
patient. As the patient moves through the stages over
the course of the entire night, the system can continu-
ously adapt to the sleep stage (and/or patient need). For
example, the largest need for stimulation can be during
deep sleep (non-REM stage 3) and REM, where discom-
fort and arousal are unlikely, so the system can apply
more stimulation, since arousal and discomfort are un-
likely during these stages. The amount of time the patient
is spending in each stage of sleep can also be tracked,
which is very useful for tracking outcomes, as most OSA
patientdo notenterinto deep sleep often due to arousals.
[0035] The classification component 428 can apply a
rule-based classification to the trigger to determine
whether one or more stimulation parameters applied by
one or more of the stimulating electrodes should be al-
tered based on a biomarker related to sleep. As stated
above, biomarkers include respiration phase (such as
inspiration including periods within inspiration), sleep
stage during one or more sleep cycles, and/or body po-
sition during sleep as indicated by an EMG or other sen-
sor or sensed activity. Stimulation parameters, as stated
above, include, for example, pulse width, amplitude, fre-
quency, waveform shape, electrode position/configura-
tion, or the like). Initial rules of the rule-based classifica-
tion used by the algorithm can be set for the patientand/or
set based on historical values for a population, historical
values for a patient, and/or patient derived values. Sub-
sequent rules of the algorithm can be learned and/or up-
dated and/or personalized based on an artificial intelli-
gence learning process.

[0036] Feedback related to the stimulation (e.g., after
itis delivered) can be given to the computing device 304.
The computing device 304 can receive the feedback and
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may change one or more stimulation parameters.

[0037] Forexample, the rules-based classification can
employ one or more pattern recognition classifiers, each
of which utilize the extracted features or a subset of the
extracted features to determine an appropriate clinical
parameter. Where multiple classifiers are used, an arbi-
tration element can be utilized to provide a coherent result
from the plurality of classifiers. Each classifier is trained
on a plurality of training patterns representing various
classes of interest. The training process of the given clas-
sifier will vary with its implementation, but the training
generally involves a statistical aggregation of training da-
ta from a plurality of training images into one or more
parameters associated with the output class. Any of a
variety of optimization techniques can be utilized for the
classification algorithm, including support vector ma-
chines, self-organized maps, fuzzy logic systems, data
fusion processes, ensemble methods, rule based sys-
tems or artificial neural networks. The outcome class can
represent a particular clinical parameter for the subject.
From the provided feature vector, an outcome class is
selected and a confidence in the selected result can be
calculated. Results falling below a threshold confidence
value can be rejected. For example, a support vector
machine (SVM) classifier can process the training data
(which can be related to any parameter being sensed, or
the like) to produce functions representing boundaries in
a feature space defined by the various attributes of inter-
est. Similarly, an artificial neural network (ANN) classifier
can process the training data (which can be related to
any parameter being sensed, or the like) to determine a
set of interconnection weights corresponding to the in-
terconnections between nodes in its associated the neu-
ral network. A SVM classifier can utilize a plurality of func-
tions, referred to as hyperplanes, to conceptually divide
boundaries in the M-dimensional feature space, where
each ofthe M dimensions represents one associated fea-
ture of the feature vector. The boundaries define a range
of feature values associated with each class. According-
ly, an output class and an associated confidence value
can be determined for a given input feature vector ac-
cording to its position in feature space relative to the
boundaries. Arule-based classifier applies a set of logical
rules to the extracted features to select an output class.
Generally, the rules are applied in order, with the logical
result at each step influencing the analysis at later steps.
[0038] An ANN classifier comprises a plurality of nodes
having a plurality of interconnections. The values from
the feature vector are provided to a plurality of input
nodes. The input nodes each provide these input values
to layers of one or more intermediate nodes. A given
intermediate node receives one or more output values
from previous nodes. The received values are weighted
according to a series of weights established during the
training of the classifier. An intermediate node translates
its received values into a single output according to a
transfer function at the node. For example, the interme-
diate node can sum the received values and subject the
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sum to a binary step function. A final layer of nodes pro-
vides the confidence values for the output classes of the
ANN, with each node having an associated value repre-
senting a confidence for one of the associated output
classes of the classifier.

[0039] In another example, the rule-based classifica-
tion can employ a regression model configured to calcu-
late a parameter representing a likelihood that the patient
exhibits the biomarker. In yet another example, the rule-
based classification can employ a sensitivity analysis us-
ing the model, such that a magnitude of the effect of one
or more features on the at least one parameter can be
determined and correlated to the biomarker.

[0040] An example closed-loop control scenario in-
volves the one or more sensors 302 (implanted adjacent
to an anterior lingual muscle, such as the genioglossus
muscle) that can detect/record physiological data over
time. The physiological data can include EMG data from
the musculature of the anterior airway, which can include
characteristic signals that correlate to respiration, but al-
so can correlate to sleep position, sleep state, and/or
other physiological characteristics important for the treat-
ment of SDB. The computing device 304 can monitor the
physiological data recorded by the one or more sensors
302 to identify a trigger within the physiological data. The
trigger can be identified as a biomarker for a condition
related to sleep (e.g., inspiration). A rule-based classifi-
cation can be applied to the trigger to determine whether
one or more parameters of the stimulation (e.g., delivered
by one or more electrodes 306 or electrode contacts to
the hypoglossal nerves) should be altered based on the
biomarker.

[0041] Changes in voltages on the transmit receptor
can be sensed, as well as on the power receiver and
resulting changes in impedances to determine the posi-
tion and movement of the power receptor within the mag-
netic field. In this aspect, the changes in voltage and im-
pedance between the two coils of the power antenna can
provide additional information to the system to inform the
close loop algorithm and to inform additional refinement
to the therapy. This type of position sensor may have
additional usages beyond therapy optimization as it may
provide additional data about sleep quality over time, as
well as health related information. In addition, the imped-
ance data between the coils can be correlated with ac-
tivity, which can be used to also track wake vs. sleep
cycles. These data along with EMG data, e.g. tonic EMG
activity from the genioglossus muscle, can be used to-
gether to understand and learn wake vs. sleep through-
out the period spent attempting to sleep (e.g., when the
power receive coil is within the inductive field volume of
the transmit coil).

[0042] Several wired or wireless input applications, in-
cluding smart phone or tablet applications can also be
used, wireless remote controls for example. These ad-
ditional input applications can provide additional inputs
to the system to adjust the therapy, adjust the closed loop
algorithm, adjust stimulation outputs, adjust optimization



15 EP 4 431 008 A2 16

or to adjust the algorithm mode as necessary. The input
application can display electromyogram data for the user,
allows the user to adjust the parameters that control the
EMG collection, such as the input filters, trigger ampli-
tudes, frequency ranges, etc.

[0043] Aninputapplication can also allow for automat-
ed therapy titration. In this mode, the application can run
custom software that provides stimulation to a target site
of the subject, such as a target nerve or target muscle
and monitors the resulting evoked EMG activity of a mus-
cle, such as an anterior lingual muscle, including the gen-
ioglossus muscle. The resulting EMG activity can corre-
late to the amount of airway opening desired (as inputted
into the application) and thus can allow for automated
therapeutic stimulation parameter settings and eliminate
time consuming parameter adjustments during sleep
Non-limiting example of stimulation parameter settings
include stimulation pulse width, amplitude, frequency,
electrode position/configuration and the like. In this as-
pect, the system can determine the therapeutic stimula-
tion outputs and allows the subject/physician to fine tune
as necessary. The subject or physician can rerun the
automated parameter adjustment application atany time,
and through the applications can be monitored remotely
so thattitration, programming can be done from the com-
fort of the subject’s home.

[0044] The resultant evoked EMG signal can be con-
tinuously monitored and stimulation parameters needed
to produce the required tongue motion for effective treat-
ment can be determined, even if the response to a given
set of stimulation parameters changes over time, effec-
tively reducing the amount of testing required for initial
programming as well as the need for ongoing follow-up
testing. Also, issues with the therapy (e.g., stimulation
according to certain stimulation parameter settings is not
providing the tongue movement necessary to open the
airway) can be identified and alerts can be generated for
the patient and/or physician (this allows for quicker re-
sponse and proactive management of the system).
[0045] FIG. 6 shows an example of the components of
FIG. 3 implemented within a stimulator device. The sen-
sor(s) 302 and the electrode(s) 306 can be included in
common electrode contacts. However, the sensor(s) and
electrode(s) need not be within common electrode con-
tacts and may be distinct and separate.

3. Methods

[0046] Another aspect of the present disclosure can
include a method 700 (FIG. 6) for providing neural and/or
muscular stimulation according to a closed loop algorithm
to treat SDB. The method 700 can be executed by com-
ponents of the systems shown in FIGS. 1-5, for example.
Portions of the method 700 can be stored at least in part
on a non-transitory memory and executed by a proces-
sor.

[0047] For purposes of simplicity, the method 700 is
shown and described as being executed serially; how-
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ever, it is to be understood and appreciated that the
present disclosure is not limited by the illustrated order
as some steps could occur in different orders and/or con-
currently with other steps shown and described herein.
Moreover, not all illustrated aspects may be required to
implement the method 700 and/or more than the illus-
trated aspects may be required to implement the method
700. Additionally, one or more aspects of the method 700
can be stored in one or more non-transitory memory de-
vices and executed by one or more hardware processors.
[0048] At 752, physiological data (e.g., related to inspi-
ration, sleep stage and/or body position as indicated by
an EMG, for example) recorded by one or more sensors
can be monitored. The one or more sensors can be im-
planted adjacent to the anterior lingual muscle, such as
the genioglossus muscle, or in the plane between the
genioglossus muscle and geniohyoid muscle, for exam-
ple. At 754, a trigger can be identified within the physio-
logical data. The trigger be a change in at least one pa-
rameter of the physiological data (e.g., indicative of in-
spiration during respiration, body position, and/or a stage
in the sleep cycle as indicated by an EMG, for example).
[0049] At 756, a rule-based classification can be ap-
plied to the trigger to determine whether one or more
parameters of the stimulation should be altered based
on a biomarker represented by the trigger. A signal com-
prising configuration/setting information for the parame-
ters can be sent to one or more electrodes located adja-
cent to the hypoglossal nerve, for example. The stimu-
lation parameter(s) can be titrated and adapted based
on the trigger to optimize airway muscle tone.

[0050] Each of the disclosed aspects and embodi-
ments of the present disclosure may be considered indi-
vidually or in combination with other aspects, embodi-
ments, and variations of the disclosure. Further, while
certain features of embodiments and aspects of the
present disclosure may be shown in only certain figures
or otherwise described in the certain parts of the disclo-
sure, such features can be incorporated into other em-
bodiments and aspects shown in other figures or other
parts of the disclosure. Along the same lines, certain fea-
tures of embodiments and aspects of the present disclo-
sure that are shown in certain figures or otherwise de-
scribed in certain parts of the disclosure can be optional
or deleted from such embodiments and aspects. Addi-
tionally, when describing a range, all points within that
range are included in this disclosure. Furthermore, all
references cited herein are incorporated by reference in
their entirety.

The invention will now be defined by the following claus-
es:

1. A system comprising:

a sensor implantable adjacent to an anterior lin-
gual muscle and configured to record physiolog-
ical data;

a computing device comprising:
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a non-transitory memory storing instruc-
tions; and

a processor to access the non-transitory
memory and execute the instructions to at
least:

monitor the physiological data record-
ed by the sensor;

identify a trigger within the physiologi-
caldata, wherein the trigger is identified
as a biomarker for a condition related
to sleep; and

apply a rule-based classification to the
trigger to determine whether one or
more parameters of a stimulation
should be altered based on the biomar-
ker, wherein the rule-based classifica-
tion is adaptive; and

an electrode implantable adjacent to a hy-
poglossal nerve and configured to deliver the
stimulation to the hypoglossal nerve during a pe-
riod and to alter the one or more parameters of
the stimulation in response to a signal from the
computing device.

2. The system of clause 1, wherein the physiological
data comprises inspiration, sleep stage, body posi-
tion, or combinations thereof.

3. The system of clause 1, wherein the physiological
data comprises phasic activity of the genioglossus
muscle, tonic activity of the genioglossus muscle, or
both.

4. The system of clause 2, wherein the physiological
data is obtained from EMG activity from the muscu-
lature of the anterior airway.

5. The system of clause 4, wherein the EMG activity
comprises characteristic signals that correlate to res-
piration, sleep position, sleep state, or combinations
thereof.

6. The system of clause 1, wherein the sensor and
the electrode are disposed on a neuromodulation
lead.

7. The system of clause 1, wherein the trigger com-
prises achange in atleast one parameter ofthe phys-
iological data.

8. The system of clause 7, wherein the physiological
data is related to respiration and the at least one
parameter is indicative of inspiration.

9. The system of clause 1, wherein the biomarker is
related to a stage in a sleep cycle, wherein the stage
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in the sleep cycle is awake, non-REM stage 1 light
sleep, non-REM stage 2 light sleep, non-REM stage
3 deep sleep, REM sleep , or combinations thereof.

10. The system of clause 1, wherein initial rules of
an algorithm used by the rule-based classification
are determined based on historical values for a pop-
ulation, historical values for a patient, and/or patient
derived values.

11. The system of clause 1, wherein the trigger in-
dicates a change in body position.

12. The system of clause 11, wherein the rule-based
classification determines whether the one or more
parameters should be altered based on the change
in body position.

13. The system of clause 1, wherein the biomarker
is related to an apneic event, a respiration rate, an
inspiration, an expiration, a body position, and/or a
chin position.

14. A method of improving sleep disordered breath-
ing (SDB) in a patient comprising:

monitoring, by a system comprising a processor,
physiological data recorded by a sensorimplant-
ed proximal to an anterior lingual muscle;
identifying, by the system, a trigger within the
physiological data, wherein the trigger is identi-
fied as a biomarker for a condition related to
sleep; and

applying, by the system, a rule-based classifi-
cation to the trigger to determine whether one
or more parameters of a stimulation should be
altered based on the biomarker, wherein the
rule-based classification is adaptive.

15. The method of clause 14, further comprising
sending, by the system, a signal comprising config-
uration or setting information for the parameters to
an electrode located adjacent to the hypoglossal
nerve.

16. The method of clause 14, wherein the trigger
comprises a change in atleast one parameter of the
physiological data.

17. The method of clause 14, wherein the physio-
logical data is related to respiration and the at least
one parameter is indicative of inspiration.

18. The method of clause 14, wherein the biomarker
is a stage in a sleep cycle of the patient, wherein the
stage in the sleep cycle is awake, non-REM stage 1
light sleep, non-REM stage 2 light sleep, non-REM
stage 3 deep sleep, REM sleep , or combinations
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thereof.

19. The method of clause 14, further comprising re-
ceiving, by the system, an indication of a change in
body position, wherein the change in body position
is used to identify the trigger.

Claims

A system comprising:

one or more sensors configured to be implanted
adjacent to an anterior lingual muscle of a sub-
ject and configured to record electromyography
(EMG) data;

one or more electrodes configured to be implant-
ed adjacentto a hypoglossal nerve of the subject
and configured to deliver stimulation energy to
the hypoglossal nerve; and

a computing device, the computing device com-
prising:

a memory for storing instructions;

a processor to access the memory and ex-
ecute the instructions to cause the comput-
ing device to monitor the EMG data record-
ed by the sensors, identify a stage in a sleep
cycle of the subject, and adjust the stimula-
tion energy configured to be delivered to the
hypoglossal nerve by the one or more elec-
trodes.

The system of claim 1, wherein optimizing the stim-
ulation energy comprises adjusting one or more stim-
ulation parameters and/or electrodes selected for
stimulation.

The system of claim 2, wherein the one or more stim-
ulation parameters comprise at least one of a pulse
width, an amplitude, afrequency, a waveform shape,
an electrode configuration, an intra-pulse interval, or
a pulse ramp rate.

The system of claims 2 to 3, wherein the one or more
stimulation parameters comprises an amplitude, and
wherein the amplitude is smaller if the stage of the
sleep cycle is non-REM stage 1 or non-REM stage
2 than if the stage of the sleep cycle is non-REM
stage 3 or REM.

The system of claims 2 to 3, wherein the one or more
stimulation parameters comprises at least one of an
amplitude or a pulse width, and wherein the at least
one of the amplitude or the pulse width is ramped up
over a longer duration if the stage of the sleep cycle
is non-REM stage 1 or non-REM stage 2 than if the
stage of the sleep cycle is non-REM stage 3 or REM.
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The system of claims 2 to 3, wherein the one or more
stimulation parameter comprises a pulse train and
wherein a first pulse in the pulse train has at least
one of a smaller amplitude or a smaller pulse width
than a corresponding amplitude or pulse width of a
last pulse in the pulse train.

The system of claims 1 to 7, wherein the EMG data
identifies phasic activity and tonic activity of an an-
terior lingual muscle.

The system of claims 7, wherein the EMG data iden-
tifies the stage in a sleep cycle based on the phasic
activity and tonic activity of the anterior lingual mus-
cle.

The system of claim 8, wherein identifying the stage
in a sleep cycle of the subject based on the tonic
activity of the anterior lingual muscle, wherein the
stage in a sleep cycle is identified as REM if the tonic
activity of the anterior lingual muscle decreases or
increases.

The system of claims 1 to 9, wherein identifying the
stage of the sleep cycle of the subject comprises
monitoring one or more features of the EMG data,
the one or more features comprising at least one of
an amplitude, a frequency component, a spike, or
an envelope.

The system of claims 1 to 10, wherein identifying the
stage of the sleep cycle of the subject comprises
correlating subject-specific features of the EMG data
to at least one stage of the sleep cycle.

The system of claim 11, wherein the subject-specific
features are specific to body position, chin position,
movement, and other physiological parameters.

The system of any one of claims 1 to 12, wherein
the EMG data identifies a change in inspiration or
expiration of the subject.

The system of any one of claims 1 to 13, wherein
the anterior lingual muscle is a genioglossus muscle.

The system of any one of claims 1 to 14, wherein,
upon determining the stage of the sleep cycle of the
subject is entering non-REM stage 1 or non-REM
stage 2, the processor causes the electrode to pro-
vide the stimulation energy using a stimulus ramp
as the subject progresses through subsequent stag-
es of the sleep cycle.
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